The purpose of the current paper is to analyze several schemes to combat both the MAl and fading, in the downlink direction. We propose a new pre-distortion (PD) filtering technique, which can be used to combat the Multiple Access Interference (MAl), combined the Selective Transmit Diversity (SID) for high data rate transmissions over frequency selective Rayleigh fading channels. The proposed PD scheme considers a Rake in the receiver. By pre-distorting the signals to be transmitted by the Base Station (BS) with a Minimum Variance (MV) algorithm, the orthogonality between the desired signal and all interfering signals can be improved. With the PD, the increase in performance is achieved with a small increase in power processing at the BS, avoiding any need to increase complexity at the Mobile Station (MS).
INTRODUCTION
Much research has been undertaken in the area of the Multi User Detectors [1] for Direct Sequence Code Division Multiple Access (DS-CDMA) technology. It can be mainly used by Base Stations (BS) where there is enough power processing capability and where it is easier to know/estimate the several uplink Channel Impulse Response (CIR) and the spreading sequences of interfering users. However, the trend of the telecommunications is to become more and more asynchronous and with higher data rates in the downlink than in the uplink. This is useful for services like Web browsing, Data Base Access, Multimedia, etc. To obtain this, it is important to transfer the complexity as much as possible to the BS, where the power processing and electrical power available is higher, so as to combat the several sources of interference.
With the aid of pre-distorting the signals to be transmitted by the BS, the orthogonality between the signals seen by the different users can be improved [2] . The proposed PD fillering is done taking into account the spreading sequences and the CIR of the users present in the cell. The current approach considers a Rake receiver at the MS, and we consider a combination of PD with the STD. The proposed system can be seen as a simple alternative to beamforming, presenting a much lower complexity, without any increase 0-7803-8523-3/04/$20.00 ©2004 IEEE.
in physical dimensions and, hence, with an easier practical implementation.
This paper is structured as follows: section 2 presents the system model for the PD filtering; section 3 presents the system models for the STD; section 4 presents the performance results and analysis for the proposed schemes; the key findings of this paper are then summarized in Section 5.
SYSTEM MODEL FOR THE PRE-DISTORTION

FILTER
With the proposed scheme, the loss of orthogonality in the MS due to different spreading sequences and CIR can be reduced. These are the cross-correlations that we intend to estimate and to minimize by pre-distorting the signals, before transmission, at the BS. Thus, we consider the downlink direction of W -CDMA, where the several users are synchronous between them.
The PD is done taking into account the spreading sequences and CIR of the different users present in the cell considering that the MS has a Rake receiver to mitigate the effects of the channel and to provide multipath diversity. Advanced W CDMA networks consider the need to have knowledge about CIR, also to provide power control. This problem is completely solved in the case of Time-Division Duplexing (TDD) networks.
The proposed system is shown in Figure 1 In order to find the filter coefficients we will develop the proper matrix-vector representation. Assuming that the maximum delay spread is smaller than the symbol period, the received signal at the antenna of the qrh MS due to the IIh
The ToepJitz matrix Ck[mJ of size (N+Lo-l)xLa is defined as CkO) [ m J = r ( Ck; La), whl�re Ck is the spreading sequence of the kth user defined as: (3) and being N the spreading factor. We also define The Toeplitz matrix r (x, L), where
] is defined as:
being Or the rxl column vector of all zero elements.
Hence, we define Hq = r(hq;Lg), with
the Toeplitz matrix composed of eIR of the q'h user.
The received signal at the entrance of the ql h Rake receiver,
k=1 being 17 q the background noise seen by the MS. We define v�� as the vector with the cross-correlations between the spreading sequence of some J(h interfering user and the shifted versions of the spreading sequence of the q th reference user, which makes:
m + I should be the selected column of the spreading sequence of the qth reference user. Additionally, we define w�:i as the Lg vector corresponding to the sum of the crosscorrelation versions of V��, i), already weighted by the shifted versions of crR:
m=O where H�rn) corresponds to Hq multiplied by the complex conjugate of the mt h path ofCIR of the q lh user. This makes:
It corresponds to the weight of the Maximum Ratio Combining, done by the m1h finger of the Rake receiver. Our signal development considers, for simplicity, that the Rake receiver is able to acquire all the paths of the channel.
The received signal at the output of the Rake receiver, after maximum ratio combining, can be rewritten as:
The total sum of interfering signals to other MS, due to the q 'h signals comes: 
and using the method of Lagrange multiplier, the optimal vector under the MVISO criterion comes:
Our approach corresponds to change each spreading sequence of each user by a new spreading sequence, which takes into account the several CIR, in order to minimize the total sum of MAL The new spreading sequence of some q'h user can be seen as gq(n)*c q (n)=C q g q . With this approach is it easily understood that the capacity of the network can be increased, with better performances. On the other hand, different users can even consider the repetition of the same spreading sequence because the modified spreading sequence takes into account the CIR. This can be especially useful for higher data rates with lower spreading factors (to achieve the same spectrum bandwidth), where the number of spreading sequences available is low, so is the number of possible users. implemented as a FIR with a dimension seven (Lg=7) for four users and with a dimension fourteen (Lg=14) for ten users, which lead to better results. Once for higher length of the FIR filter, the matrix defined by (14) becomes singular and, hence, invertible, such length should maximized to achieve better results, but in such a way that (14) is not singular.
The spreading factors (SF) considered were 16 and 64, always with the Rake in the receiver, eithe:r with one or two transmit antennas. For the SF=16, it is considered that the symbol rate is 4 times higher than that of SF=64. Positions of interfering MS were defined randomly using a uniform distribution inside a cell, as well as the correspondent CIR for different users. If we consider all users co-located with the reference user, i.e., same CIR for all users, performance improvements obtained with the PD filtc!r are better than those presented in this paper. It can be especially useful for High Speed Downlink Packet Access (HSDPA), instead of Multiple-Input-Multiple-Output (MIMO) schemes, when all the downlink channels are available to the same user.
In Figure 3 it is shown the performance obtained with 4 and 10 users, with SF=16. As can be seen, the PD filter, alone or combined with STD, reaches a performance improvement over the corresponding schemes without PD for higher levels of EJNo. This is done without any ,:omplexity cost at the MS and even the complexity at the BS is very low. The scheme that achieves the best overall performance is the combination of PD with the STD (PD+STD). While the PD avoids the MAl with a reduction in tht: cross-correlation seen by the several MS, the STD provides an additional gain due to the transmit diversity, thus, allowing the receiver to select the antenna that presents lower fading, and more intense multipath diversity. It is expected that the STD should outperform STTD for the single-path channel profile, while STTD should outperform STD for a channel profile closer to the uniform power profile [5] . Once the Vehicular A propagation model is closer to the uniform profile the performance improvement achieved with the STD (relating to "Only RAKE") was moderate. When we compare the performances for 4 and 10 users, we can find that, for 10 users, we achieve a gain with a lower level of EbINO. As we can see, the performance achieved with PD+STD for 10 users is, for higher levels of EJNo, very close to that obtained for 4 users with "Only Rake". This is in accordance with the expected values, once the former composite schemes is cleaner of MAl and presents antenna diversity of order two. In Figure 4 it is shown the performance obtained with 4 and 10 users, with SF=64. As can be seen, the PD filter alone is able to achieve a performance improvement, relating the "Only Rake", only for higher number of users. This comes from the fact that the level of MAl is higher and, hence, the MVISO algorithm becomes more accurate. Additionally, when we compare the composite scheme PD+STD with the STD scheme, we can find that the former tends to perform better for higher levels of EJNo but this gain is higher, as before, for higher number of active users. In any case, the scheme that achieves the best overall performance, for both spreading factors, is the combination of STD with the PD filter (PD+STD), for higher levels of E JNo.
CONCLUSIONS
It was studied a new kind of Pre-distortion scheme optimized for the multipath channel. A Rake is considered in the receiver for the deduction of the proposed PD scheme.
It was shown that the use of the proposed PD filter, alone or combined with the STD, especially for higher levels of EJNo, tends to reach a performance improvement over the corresponding schemes without PD.
With the use of the proposed PD filter the performance of the network becomes less dependent of the number of active users present in the cell, being especially more important when the considered propagation model presents more intense IPI vectors, which is our chosen propagation model. This happens because once we consider the use of orthogonal Walsh-Hadamard spreading sequences, the existence of MAl is caused by the existence of multi paths in the channel, being more intense for a channel profile closer to uniform power profile and higher number of multipaths.
With the combination of the composite PD+STD schemes, on the one side, the system is cleaner of MAl, once the orthogonality between the signals seen by the different users is improved (PD filter) and, on the other side, the STD combats the fading, once it provides antenna diversity.
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